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INTRODUCTION 



BCDMH, 1-bromo. 3-chloro, S.S-dimethylhydantoin, is a relatively new 
disinfectant. It was developed in the late 1950s and first introduced to' the cooling water 
systems in January 1980 under the trademaik BromiCide [Sergent (1986)]. During the last 
several years, it has gained popularity for use in cooling water systems. However, the 
repons about the disinfecting efficacy of BCDMH are confusing and contradictory. 
Patterson [1957] and Hugo [1971] claimed that BCDMH was a better disinfectant against 
bacteria than chlorine. Macchairola et al . [1980 and 1981] found from field tests that 
BCDMH was 10 to 20 times as effective as chlorine in controlling biofouiing in cooUng 
water systems. Some people in the cooling water industry indicated that BCDMH was 

several hundred times more effective than chlorine and was a magic disinfectant against 

microorganisms. Fliermans and Harvey [1984], howevirfmer/ed in field tests of 

industrial cooling towers, at the concentration recommended by the manufacturer, that 

neither the density nor die activity of Legionella pneumophila was affected by BCDMH. 

The same tests sh^sv^ cWp^e, effective, agains,^ ^.cq^^r. 

showed that even when the concenttation of BCDMH was^in^rcased. ui> to lO rinjes the . 

level reconmenM^-byW'toMii&cttire £ ^'^'"^ ^'^^^y-^-M 

pneumophila.. Soriwco « a/ . [1985rcompired^^ • 

in antifouling tnjati^e;^! ,|B^Jg^.^ 

displayed sinmlar biocidal efficacy and there seemed to be no advantage to the use of 

FUeimans and Harvey [19|^^^^^ P"»posed that the difference in resiJte^betv^^ Acff,, . :. . . 
field tests and the mMi^tara^cte was^probably due to Ac di^t^^ '^\'Vh 
the manufiacnirer performed tests in the lab onlyi wWie'rfMsrt^bndiibtti'^ ''^ 
field. Sometimes the lab results fail to get responses similar to the field tests. 
Manufacturers, like the Great Lakes Chemical Corporation [Macchairola et at . (1980 and' 
1981)]. however, claimed they conducted their tests both in die lab and in the field. 
Unfortunately. ±e results were not detailed. These contradictory points of view indicate 
that die effectiveness of BCDMH needs to be investigated further. 

TTiis research investigated die disinfection of BCDMH in detaiL In experiments 
using various, microorganisms, die disinfecting abiHty of BCDMH was c^^ 
different inorganic and organic disinfectants under varied test conditions. The disinfecting 
mechanism of BCDMH was investigated through studying its hydrolysis products and 
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ORGANIC HALOGEN STABILIZERS 
Mechanisms and Disinfection Efficiencies 



ABSTRACT 



Reports onthe disiitfecrioii'eff«ctiveriess in cGOlihf water oif some org^fiichaloge^^^^^ 
stabilizers, such S^' l-texi, 3<iSof 5.5-diri^!3iy^ are ^uite^^ 

xontradktoigL.andipn&?ingl-^ 



investigated the disinfectibrf efSBracry AdinechimB^ ' 
the results with a vme^ a£ inorganic and or^ic disiirfectaits, in particuiar, a mixture of 
chlorine and bromide ions, tests were conducted under different environmental conditions 
using several typeilJif rmcTM^^MiSms.^" V mstruments and methods were u^^d^ in , 
invesrigadng the mechanism of hpw^^^ 



comparing the disinfection effectiveness of BCDMH with chlorine, bromine and their 
inorganic mixture, CCDMH, and its mixture with broriiine compounds. 



MATERIALS AND METHODS 

1. Invesrigadon of Disinfection EfBciency 

•f 

The tests were coiiducted kt a consmnt temperature (21 ± 2 °C). The key variables 
used in the laboratory study of ^ weie as fblibwi^fpH, ranging ft^ 

6.5 JO 8.5; differentaminonia nitrogfen roricbniritiohs rangmg frorn 0 to 15 ihjg^; variable 
disinfectant concentriribjis rangiSg^'frbfii '0.1 to" I^^^^ dhlbririe; ariid^differem 

concentrations of DMH; salts and hardness. 

Chemicals BCDMH, CCDMH and BBDMH were prepared in the Lab of 
Environmental Engineemi^^^ but pj^ of 

the BCDMH conipbtjffi^is \wrebon^^ Alt itfic^th^ ' 

prepared in the lab^ of Univcmty of Hoiistotf or supplied by the related company were riot 
reagent grade. DMH was in 98% purity! Reagents sodiim 

sodium bromide, sodium sulfide, sodium chloride, ammonia chloride, sodium hydroxide 
and the other cheiiucals used for the tests were ACS certified unless otherwise mentioned. 
The validity of using the DPD-FAS and Ampeih3ine^^ xneastiife?thc halogen 

contents in BCDMH, CCDMH, and BBDMH was justified prior to tiiis test [Zhang, 
1988]. -^^-r ' y H.-.-'- 

The microorgaiusms smdied in this research included three pure bacteria cultiues 
(£. coli ATCC 25922 and£. aerogenes ATCC 13048 and P. aeruginosa XtcC 27853^ 
and one mixed culture (PolybactgM Polybacteria used in tMs tpsearch if a product 
by Polybac Corporatidn namiKl Hydrbliac. the culture suspension was prepared according 
to AOAC [19841 the disinfection tests and the the preparation of the reagent solutions 
were conducted aticprato tq the inethods describejd in thcf Offidgl Me^^^ 
[AOAC (1984)], StamS I^thocis [A^^ (1985)] and Aquatic Microbiology Lab^^ 
Manual [Cooper cfa/ /(1^6)L , , . , , 



2. Study of the Hydrolysis Products and Mechanisms 



The chemicals BODMH, CCDMH and BBDMH used in this part were the same as 
those specified before. The other chemicals used were described in the related methods 
[Zhang, 1988]. The titration was conducted by the DPD-FAS, Amperometric, and the 
other methods. A Model 397, Fisher Clj Titrimeter was used for the Amperometric 
Method. A Model TOX-10, MQ (Mitsubishi Chemical Industries Limited) Total Organic 
Halogen Analyzer was used for the TOX test 

The Mass Spectrometer, Model HP5988, was used for the MS analysis of the 
HPLC/MS testi BCDMH solution was prepared with HPLC pure water and aU, of the 
attached mass spectra yi/en obtained by pumping freshly prepared solutions of IpMH, 
BCPMH, CCDMH and BBDMH directly into the. mass spectroineter via a Yestec , 
Thermospray LC/MS interface. The mass spectra generated were a result of scanning the , 
mass spectrometer in the negative ion mode from 30 to 300 AMU, (y^tonuc. Molecuiar ,. 
Units). 

The IC analyses were conducted on a Dipnex, Model 16, Ion Qttomsiipgraph. . The- 
IC instrument was equipped with, a Hew|et.??ckard Reporting jtategptpn .Modi^l 33^ A^., 
and a Fisher Recordall Re9ordCT,,^eries.5^ *i*v. 
Chlorine Demand Free (CDF) water or their jsquiyalent NanoF^ure. water. , : . ^ ^ 



RESULTS AND DISCUSSION ^ ^ 

The resiilts are suounarized in Hgures 1 to 5. The results demonstrated the 
foUowings: 

L Disinfection Effidoicy. 

(1) At low pH values, e.g., pH 6.5, BCDMH had disinfecting eMbw^^^ 
lower than chlorine. HoweVer, at higher pH (pH 8.5), BCDMH was ummb efficient thkn 
chlorine against all the fotir types 6f test microbrgamsms. 

attributed to the higfe pK valiie of HOBr. HOCi and HOBr are neuccfi sp^c?ies, an(4 they 
are much more effective in killihg microorganisms than their analogous OCl' and.OBr, 
which are negatively charged and poor disinfectants. 



In the BCT)MH solution, another reaction was also going on, at least partially. That 
was the oxidation of bromide to HOBr (OBr") by OCF (HOCl), which was also 
responsible for the higher killing efficiency of BCDMH at high pH than chlorine alone 
since it increased the total amount of HOBr, 

HOCl + Br- = Cr + HOBr (1) 

Oa' + Br- + H2O = a- + Oir > HOBf, (2) 

These reactions occur very rapidly in thd entire pH range from 4 to 10. At pH 7 to 9, 
reactions go quantitatively and almost instantaneously [Farkas et al . (1949)]. This reaction 
aciis an additional advantage to the disinfecting effectiveness of BCDMH, . . 

(2) The indrgahief^inixtiiW * ' 
disinfecting efficiency agaitist thfe tested^^i^^ siinilar'to BCDMH it pH 6;5. 
Andthesoiutiotfof^©MHdidndth ' 
that DMH did not display any disiiifectiiig function; it just worked M^^^ 

halogens. The results also suggest that BCDMH was not a magic disinfectant. , . 

(3) In thS'prescnce^ of -'a^ 

disinfectant compared tb chtonne^ E^mbe Kifbi^^ ^CEi^^ in" ' " 

the presence of anmbriia^^ This fact mdicate^ idisinfecM^'^ability of ^ ; 

BCDMH to chlorine in the ammonia containing solution might be attributed to the supcriOT 
disinfecting efSdency of bromaminescompaxed to chlorainines. 

(4) The addition of the bromide ions to the chlorination system enhanced the 
disinfecting effectiveness of chlorine both atfugh pH values the preseiiCe of ' ^ 
ammonia nitrogen. The mixture of chlorine and sodium bromide with equal, mplar ratio . 
was as effective as bromine both at higher pH values and in the presence of anunb^^ 

this mixture solution, Br was oxidized to HOBr. So the mixture of chlorine and bromide,.. , 
ions can be used to substitute for the bromine soiutioti. The former, of couirsd^, i^ i$lach 
easier to prepare. Given the NH,-N and chlorine concentrations were 2.0 mg/L, 

respectively, die addition of 10 % and 20% (molar ratio) of sodium bibnndp;fo tfaie NaOCl' ■ ! 
solution (and then the addition of the chlorine-bromide solution to the san^le contaimng 
ammonium ions at pH 7.0) increased the disinfecting effectiveness against 
9. 1% to 92% axid 99% separately at Imiimte contact time. Against Polybacteria,giveii the 
NH3-N and chlorine concentrations were 6.0 mg/L separately, die addition of 10% and 
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20% (molar ratio) of sodium bromide raised the percentage kill from 6% to 68% and 81%, 
respectively. 

The procedure of ho^y to add and when to add bromide ions was critical to the 
improvement on the chlorine disinfection. Three different methods were compared to each 
other. They were: 

Method A: Mix chlorine and ammonia first, then add bromide to the mixture; 
Method B: Mix bromide and ammonia fint. then add chlorine to the niixture; 

Method C: Mix chlorine and bromide fint, then add the mixture to the ammonia . 
solution . . ^ 

Method C exhibited the best improvement of bromide ions on disinfection of 
chlorine among the three methods mt± No signifiqaAt improvement was, observed from 
Method A. When Method B was a^ppUe^^ :^ ^ - 

solution were between the above.two cases, btut the improyeinents wcare not as stablo;**:.,,. . ^ 
depending on the.C|jHM^pg conditions, ^ . , , . ^ ^^sj^ / -J: j \ • ^> - ^-^ l)^-:'^S 

(5) The experimental tetuits in^ 
negatively affected Aedwinf^ of BC3)Mtt The Ugh pogpentratipn^ 

changes the equiUbrium bc^ HCDMH; With tlxer . 

increase of the cpncjtntiatipn of DAffl, the available concenttarions of halogens at \: ■ ,;> r 
equilibrium decreases^ ^. _ ... . .: ■■■■ h- h '■i-.'S •o^'*-- . v's-^ 



BCDMH + H2O HCDMH + HOBr 


(3) 


HCDMR + Hp =«4 HaDMH CDMlO + HOQ 


(4) 


[HbBrl|Ha)MHJ ^ 


(5) 




(6> 


[HO^MH] ^ 









• • • ' 
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K^Iq[BCDMH] 
~ [DMH][HOCl] 

[HOBrltHOai = . , <9> 

Kj and K2 are constants. At a given concentration pf BCDMH, the concentration . , . / 
product of HOBr and HOCl is inversely proportional to the concentration of DMH. The 
higher the concentration of DMH. the lower the cpna^ntiatipns of HOBr , and HOCL The . 
decrease of the total available concentration of halogen leads to the lower killing efficiency. 
During the disinfecting pibciess' of a cbblihg tower. BGDMlI'may re« in Accumulated' ' 

DMH • " ' ■ ■■ '''"^ ■•■'^v ^''^ ■■' .; \ 

(6) Among the fpui; types of naicrporganismSMtqstedf Polybacteria^was the:^i^ If " ;l; b 
resistant against bothBCnDMHand^cWorinei.vwhile i?. w/t, <rrv Mjav k u ^: 
the appUed disinfectants under the tested conditions,, Th^ sensitivities of aetvginosa ^ r . -i uj? * : ; 
and E. aerogenes against the tested disiniSsctants were between B coUix^^Qi^ifii^S^i^ - ^ r ^ ^ ;i??««rKks 

(7) To evalua^ pr compare disinfecting effectiveness, varipM.cn .4 J 

For example, disiirff^ctthts candle ptiierapniihpiy: pgquiteife iTrinitnHTti 0 ' fS ti b ? 

residual concentratibii.PrdosageKor on cpntjct^^^ to-mep?:a ygij^i^^^^ " ^ht ^ : ;* r^^" 

the same dpsage. Dismfectantsrcan>alsp te epinpa^Pn^^ ii^r**.- 
a relatively long contact timeiv-I^ 

for the compaiiso^ pfifBCl^Mi^s^g^nstithierpAc?^^^^ ^Howeyer^ my/axokt^m^^ Miy ^o'^^i^... 

treatment systems lite.cppUng tosv^ere^ ''T4i'#^*i- ,. ; ^ ■ u r^ 

time and the total contact time should t>e tatettiintp«OTsit^ .-r -; 

evaluation. According to Mortis [Johnson (1975)], 

XjAtj) (10) -... = -..,^,:^;.^«,,v,^;^;v' 

i «l 

where • . ■j-v-.jg-'-jv". '...vS.-/ ■ 

Ij = the susceptibility coefficient, a .reflection of ease,pc^^frapi(Uty. which the -^V: • 
microorganisms are destroyed or inactivated _ . . 

li - Lq 

Ci =s concentration of a disinfectant "i",mg/L 
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L = the specific susceptibility coefficient 

Nq = the microorganism concentration at t = 0, CFU/mL 

Nj = the microorganism concentration at time t, CFU/mL 

t = contact time, minutes. 
When Ij is a constant, the data of conform to Chick's Law. 

2. The Hydrolysis Process of BCDMH aiidMechM^^ 

(1) The resulte of different timtion methods ,and the results from the Total Organic .. 
Halogen (TOX) and Ion Chromatography (IC) tests indicated that both the Ampcrometiic 
and DPD-FAS Methods could be used to determine the halogen concentrations of 
BCDMH. CCDMH^and BBDMH within the experiniehtarerrt)P;^ ^^T^^ also 
demonstrated that BGDMB could release all of its^ halogen contents^ unider the' titration • 
conditions investigated* The TOX test results incHcated that rio^org^^^ 

contained in BCDMH^GODMHandBBDMH. ^ ^1^ v ^ :^ 

(2) For the-^saxnb' sample, th^ obtaihciid itsiilts^ 
obtained from the Arapeiometrib-aild the DPD*FAS Mctiibds^weit^iii^^ 

This fact indicated that tidder^ the re^ 

ferrous ammoxuum sulfate, sbdiiixn^^^ sdiiium'tMos^^ iali^tfie'chlorme^d^ 

bromine contained>ix^BCDMH^ CGDMH^ and BBPMH^were x^doced^cdm^ 

chloride and broniidd ions. At the saiixie tinieV the te^c alsashoW^d thc^Axn^^ 

the DPD Ferrous Titrimetric Methods coUld be us6d-sMSfaciDriIf^^^^^ 

available chlorine and bromine concentradbns in BC^ r^ v - vAV ^ 

(3) The results of HPLCVMS showed that HCDMH was in much higher 
abundance than BCDMH. Therefore, bromine in the BCDMH was mom^^ readily 
hydrolyzed than chlorine, 

(4) The hydrolysis pathway of BCDMH can be expressed as 

BCDMH + H2P ?=± HCDMH + HOBr' - ftst - r (11)^^^ 

HCDMH + ttp ^ HjDMHCDMH) + HOO slow (12) 
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BCDMH + up ^ HBDMH + HOQ slow (13) 

HBDMH + up ^ HjDMHCDMH) + HOBr fast (14) 

A basic pH condition can accelerate the hydrolysis of BCDMH. Similar hydrolysis 
pathways can be written for the hydrolysis processes of CCDMH and BBDMH, 

CCDMH + np ^ HCDMH + HOQ slow (15) 

HCDMH +. HjO ;=i DMH + HOa ^ slow (16) 

BBDMH + np ^ HBDMH + HOBr fast (i?) 

HBDMH + H2O DMH + HOBr. fast (18> , 



CONCLUSIONS 

1. The restilts of the comparison shoWd thjtt^ atvlow 'F'H values, e.g., pH 6.5, 
BCDMH had disinfecting efficiency slightly lower diian chlorine against the tested 
imcnjorganisms in thci bhlariri free watS-. BODMH was J td4'lm 

as chlorine at pH 8.5; and in the pre»hce of ai^ BCDMH was 

about 20 times or more as effective as chlorine alone. In contrast, BCDMH was less 
effective in disinfection than bromine both at pH 8.5 and in the presence of ammonia 
nitrogen at pH 7.0. The accumulation of DMH grcady decreased the effectiveness of 
BCDMH^ particularly, at high [PMH]/IB^ 

2. The addidon of bromide ions to the chlorine solution gready improved the 
chlorine disinfecting ability at high^ pH values ^H 8.S) and in die presence of axxmionia 
nitrogen. A mixture of bromide and chlorine at 1:1 molar ratio showed disinfecting 
effectiveness similar to bromine, and was superior to BCDMH under the above test 
conditions. In die presence of ammonia nitrogen, the technique for adding bromide ions 
was^ however, critical to the improvement of die disinfecting efiBciency of chlorine. Hiree 
different ways were tried to add bromide ions to the chlorination system containing 
ammonia nitrogen. Among them, the mediod showing the best result for improving the 
disinfecting efSdency was to mix the bronude ions with chlorine first and then use the 
mixture to disinfect the sample solution containing ammonia nitrogen. The preparation of 



the mixture of bromide ions with chlorine is easier than synthesizing BCDMH. Also, the 
cost of this mixture is less expensive. 

Therefore, making a product that can provide a separate chlorine and bromide 
source to minimize the loss because of bromine in BCDMH would be attractive. This new 
product can also overcome the shortcomings of poor solubility of BCDMH. The new 
product should consist of two parts. One is an organic containing chlorine that acts as a 
chlorine reservoir, slowly releasing chlorine; the other part of this product is sodium 
bromide, which provides bromide ions. 

3. The results revealed that the disinfecting power of BCDMH was mainly 
attributed to its hydrolysis products HOBr/OBr" and HOCl/OCf. During the hydrolysis ' 
process, BCDMH released bromine faster than chlorine, 

4. The hydrolysis pathway of BCDMH can be e;cpressed as shown in the 
Equations 11 through 14. 
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■ FACI (Free Available Chlorine) 
♦ FABr (Free Available Bromine) 
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Figure 2. cj Figure of E. ^rogenes in Vwiou. 

Oiainfectant Solutions at pH8^ ▼■"wis 
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Figure 3. C-T Figure of P. aeruginosa in Various Disinfectant 
Solutions Containing NHr 
([Cl2]/[NH3-N] Weiglit Ratio ^ 1, pH = 7.0) 
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Figure 4, Bromide/chlorine Ratios and Killing Efficiency 
Against E. coli in the Solution Containing Ammonia 
([QJ and [NH3] - 2.0 mg/L, rcspccrively) 
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° Polybacteria 

♦ E» aerogenes 
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Figure 5. C-T Figure of BCDMH Against Different 
Microorganisms Containing NH3 ([CljJ/ENHj^N] Weight Ratio = 1) 
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Figure 6 Effect of DMH Concentrations on the Disinfecting 

Efficiency of BCDMH 



([BCDMH] = 0.2 mg^ as Chlorine) 
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